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(57)Abstract: 

PURPOSE: To simply and surely detect fine feature 
inside an object to be inspected, by coupling an optical 
matching means having a refractive index nearly equal to 
the one of the object to be inspected with the surface of 
the object to be inspected, via an optical coupling means 
having an incident angle larger than or equal to the 
critical angle. 

CONSTITUTION: A silicon prism 130 is made to hold the 
contact with a silicon wafer 110. An infrared ray source 
132 is so arranged that a comparatively narrow infrared 
beam is casted on both prism 130 via a lens 134. The 
incident angle of a light is so selected that all of the 
internal reflections are generated from the a wafer 110 
surface and a trench 114 wall. An infrared detector 136 
collects the reflected light from the wafer 110 surface. 
An infrared detector 138 detects the reflected light from 
the boundary surface between the prism 130 and the 
wafer 110. An infrared detector 140 receives the 
reflected light from the trench 1 14 wall. A signal of the 

detector 138 is used as a control signal to the detector 140, in order to reduce the error due 
insufficient contact. 
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m^^:^^^y^$ R 2 ^itJ^R 3 $ ti 
5o r.(D7t«aSrR4icJ:oT^-ro 



[0 0 7 0] ^«SR2A. R 3 A^t>*R4fit'— A;:^:/ 
y ry^J' 3 2 OSriiig-r^o Tt^R 3 A(i-:h-r y^^^i^y v>4 
3 4tr J:oTi^btL5;^^7fe*aR 2 Aj^t>*R4fi7t^tti^ 

Tu-f 3 1 4±{:iiMi^m^ir^o m^(Dm}&nmiy^v 

05 — K-efo-So ■^-f' >'^^>'>^4 3 2Xf^4 3 4(^ 

1 o;d55^t!jbT^«»R 2XJ13fe«R 2 A<^)V>-m;0^&» 
o/ci:^. ^^3^K(iBffv^:3.y^uv^-M;iffij*$n 

[00 7 11 iX^y— U^^^— KJl. 

Kmjj[^(Dmjj(^^^mi^x^m&:}\^M^i'^(oxm^ 

[0 0 7 2] ytMS 1 6^T>'UVX3 1 8;05U— i^'frg 
30 (i-t--r :7:3i:yi^4 3 2RUA 3 4(D:t—y<yy':^^^it 

$-^5 r t \zx-Dxm\'m^i^^o 
[0 0 7 31 ^^mnmNAi:h<^mnm^m^^^mn 

toi><Jr;^1Stg^^rp^:7^/U'^y >'^^ (gigtN<^r^¥ffi 
{;i^;^>:^-r5) m2<Dy^ju^^h<>^mm^^m 

#® 75> V ^ l> /^ fe> $ Hfc t # Sil t> <fc ^ 

[00 74] sttntmi&ssm^steSr^^-r^ige* 

45 miOlZTjk-To ^cDiS©{lSi§I>i:<^-^^^ 4 4 OSU^ 
§{^I><h^-^;^^4 4 2;!i5fc^,^Jc4oV^Tia7c7:)iS^S^ 

mR2fzn^mi.s ^mRiRv^Rs^m^y^^^^^—^i- 

Tfo^o )t^R 2fit:^'— A;^>^y 3 2 oirsitUT 
50 ^<^--gl5;0^^^*>.'^>l^>"^3 1 2iw[^;5^5o "^^^^ll 
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^ 4 4 2tcioT»bn^<^)-e3t^tm^T W 3 1 4{c: 
PJ^T-#?SV\ 3t^R 4XD«R 5 \rr 31 4 {Z^W 

[00 7 5] r.C01t^^C:}oV^T. ffmfi^^m^^^^^c^V >i^>^ 
^^/l^f^i. 3fei»R 2 (D'r^X<D^^t^^mR 2 At 

1 OcDrnM-Ot^-^^^ 4 4 ORZ/^mX>t^-^:^^ 4 

4 2r^Xtim:^htiXm S (D X ^ ^zi^—^^*^^m.t LT 

tc, -r;^^ 4 4 0(it:''>'7}^— yUT-fel9 . S^1^>'^/^± 

/>i 1 0 coffin B:3:^-r^^^>-_b<^m^^ j-pffi-r 

[00 7 71 011 ig>ifft!ilf®igP[|a^OfflfJffi0 

mnmmp^<Dmr^n \z:^oxwMmi^f)^hBm'^— y\z 

[ 0 0 7 8 1 m 1 1 Jr^i-J: b ici, PttiifSilSIIgc^ti 
0!l^fl^l§Rl. R 2i5:t/R 3S:^:i-r5*i!i3 1 6Ji 

^J-CD^^R 2lBLXl^(D%mtX>t^'^^^ 4 5 OiCjcO 
Tigbti. t><>:^q^ffic7)^fiy(7)7t^R 12^I>'R 3fctt755 

^^^^..^uvX3 1 2ic>Efli-r^o 'sr^^*i.^?:i-'>'X3 1 

2«;i*5l/^T. ^1^M<^3tj»R lSt/R3{i1S#UVX3 1 

0{rJ;oT^Sv^^^PmNACOlx>'Xl 1 2:S:t>'^^S'^ 
m.^2 1 4&^L-C^7znyNi 1 OrtlC^^^n-SiS^fta 

[0 0 7 91 -^^^^^l 1 0<7>rtffl!ltc:*3l^T. w<^3feMfl 



e7:r-/^COTlgl5*®Sr:frbTU>'X4 5 2 
Srilo^3t«ltB:^4 5 4tr€»i-5o r<o^«|(i. 

[0 0 8 01 '^^^^(n\%nm'^^^fz.MLm.\z%w.'^ 1 

6. u-c/X ^ 1 2^tK1^tB:^4 5 4^^*J^'r>5Ci:{^J: 
[00 8 11 ±i^c^::<!r{^. '^^(o'^mmm\z^\^X 

. ]gv^BinmNA<7)u^^xs: 1 '^^(Dm^u^^ti.xmm'r 

(7:»v^<07&^(7)M^mgil>oiai 2:^)^bEll 4 ^#^.f 
20 -So 

[008 21 ^^f+li 1 '—i^. 2 tf— i^jfctj«#m tr— 

i^(D3S^*^c:5>^t^r.<^r;65-e^^o i t^^^-Av-^^T^i^j^ 

(Zernike)StK=i— yl— (Corle-Kino) ^ 
25 — g|5;55fib.(7)g|555'tC*H.rfiri=a'>>^ hb. 2o(?5ffi*g;5:»fe 

(AC) <^m^fflV^T-)»tC^fi>ft:i-^ (-^7^n/5^>f >^ 

30 [0 0 8 31 ^Tig^.^ =3-->'^-^/^#ti' ((H^i^T) 
lEI 8 tc^-TJ: 9 /c^#t^.iSm«cot>«^^^ffit;iACiKi&{iL 

'^'T^zt^^^x^^o z.(Dmm^zx^m—^—^i^L^x 

T^^fj: V ^^x\.^^{^(Dm'^&ow^^m'^'r^\z\^mmx 
40 ^>vv:^h\z<>\i^x(Dmm±i^so^^n. iie-g- r^t 

[0 0 8 41 i«V^B3PSJcNA(DU>-XSr^'r6*fai^c^^ 

^#tfT-fc6o r<^)S^(^T?^ff (la^it-r) \±m2\zL 

u>'X(OKffi(ie^^/-<7:»^ffiS:fco^ff^*S:^$rff^^ 
50 (^^^^'^> K-X$tL/cS;K{c*tLT{mg^a^;^$i^) (O 
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[008 5] m^n^mm(Dn^m mm)\Rx-hn\m 
[0 0 8 6] ^^^^y)^h(oRm^x^i\L^mt\^MJt^i. 

[0 0 8 7] ^^\fy'^i!)mm<Dmi^X»^^(DX\ MM 
(DU—'^y^:^—\^^^m^^^^tlzXoXfj:^th^o ^ 

-rcoeilte^^Mb$ii:>5o l^— IfiSS^^^i^^-^^^'^hn- 
zW^n^:^^. '^-:r^m&am^y'-^tvx^m^ti 

[00 8 8] $fig>i 2 t^'— ^jVVl^ (Mi 
chelson), -=5— ^7 -if V^/— (Mach-Zehnder) . y 
:^^(Linnik), ^ n — (Mirau) , h V— y — >^ (Twy 
man-Green) ^tNV"^— (Nomar sk i ) A ^ 

m \ 2^xy^m \ 4 trover fct-tidi^So 

[00 8 9] El 1 2 y >-:=^:y iJ^^i'^tfciOiMffiEI 

[0 0 9 0] ^)i^:^v^'^WV^\^^'^^-i^>y^y'^y-2^t^ 

[00 9 1] mm.wviVc (0»j^«7K. :3^f^;^x{i>^y =1 



\±w^m<r^Mf^-^^i^y V'^^^z.}i\^x.-:>xm%^m^ 

[ 0 o 9 2 ] m 1 2 tc^i->^;^'7"Aco J: 9 iF4 
\ 0i)^h(O%\t^m%^ (AO) ir/U4 6 0^ili§-r 
20 So WMi'l%^m^^^^X\±. AOir/H^T e O2 -X^ 
(Bragg)-fer/U'T-feSo g|555^lHliFrl&^^Ji#»m-^ai4 
6 8{r J:oT^^^nS^#m-g-twj2;^bTAOir/U'4 
6 OCDI^gBt^^5A$HSo 

[0 0 9 3] r<DlS^t-*5V^-C. AO'fe/U4 6 0{1W^ 
25 m-§-aS(rJ:o-C#^^tifcm-^<^i^jS»cJ;oT*^$ 

-^i!g4 6 8/5i^?:)<DfS-^fljg^Sifc60 [MHz] 110 [MH 

30 z] co$5H{cfe«9. l^#m-^<^^^{iAMi-— if i^^^-A 

9^^li«$nSo 

[0 0 9 4] AO-feyl-4 6 OJr J:or{lf^$tt/cl{l^^^^^'■ 
— AJiStj^ffi^ ^-4 6 2\^X.-0XWM^f\>X%^'i^^ 
35 i?ft#^2 1 A(om\c^^X^:yzfjv'^^^^\ 1 0<7)SE{c: 
^g-g^^^xSpI^^^.uvXa 1 2te:[S]7)>9o 

[0 0 9 5] AOir/U4 6 Ot^iJzo-C^SfpJ^nj'c^/iJ^of^ 
t^ — ^—4 6 4tCj:oTS#tStlTU>'X3 1 2 
^(i<t A/^*l^— (7)pT^^..'^1-'>'X3 1 2Atrf^;5^3o ^ 
40 ^^^^^^ l-'^X 3 12 K\^%^^^^m^m 2\At\^hhj 
^*I^Cff$^5:t>'«^^*-rs^^^jft^^^2 1 4 At::J:o 
T^^•?^^^l 1 OA<D*ffii::^'g'$tLSo 

[00 96] 1^>^X>'^^:x./^ l 1 0^it>*ttl?'>^/> 1 1 

0 Kt^hWM\.fz.%\±m^%t'^m^xmz.%^tm c^t 

45 S&t^fp'oTMSo AOir/^4 6 0{^PJii'rS<h. ^'iSt^' 
-i>.(0-a5J1^1^m:g|:4 2 Oii^F^^H. -y->^XyUt:'- 
A<D— ^;6SAO'tyl'4 6 0 (Cjol ^T^i^^$^^•r^-iiiS b 
X%^)imA2 0\Z.^t^0. *«^m^4 2 OtC*5V>T2 
0(7:) b^'- LT A CSt/D C^tmSE^iJ'Srifctr^l 

50 ^i"So 
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[009 7] Ac^mm.^^ns.^i^^y/^^^-^Rv^ 

[0 0 9 8] mi 2{r^-ry ^^::^:>'i5^^f#fK^U— If^t 

\^m4 6 o\zx-Dxmm^^^^^mm^xm:fj\^\cM^ 
[0 0 9 9] Ell 2(c^-ry :y=^y^^mf\'ni>t^(D 

^>!jP ^ 5 r ^ { r J: o T v- y — u — K T^ffl I ^ 

^fc^^^^ffliiai 0^c:joV^T-ba!bfcJ: 9?i0t 

So M^>-^(^ai$ mmf)^h(on^) vmmM'^-Y 

[0 10 0] ±.m(DZ.t\z:m^X. a^^f#tfi^J:oT 
'^m(0~%^it\ . 2 4 5-2 6 4Mt;i|Sai$ttT*5t). 

[0101] la 1 2 y y :y^Tf^ff(D 

8-^. r{4^i;c:;^^^5t^||ia^j ^ 846 -848 ^\ZW. 



So 

[0102] mmm^mkRw y=^xi^^m^-^ 
m\^^n^^mm'cm^^i\^tz.=^'}r/') hy. 

10 ^^^^t)^«^ffi(^*NAu:/Xv';^7"ASrfflV^TiS3t:S: 
[0 10 3] — fiSfi^ic, r.coaiJ^H/^>^/^«9m^LfcA*t 

[0104] El 1 3 \xmim\'&^'mj^^fz.i^\^m'iE^ 
nfc[gi7(o±iiEbfc^^ii^^<7)#jffi[iiT'fcSo mis 

3fet>lcEi5. me, mlRXI■m^f^(r:>n—(o^'A^^±u 

>'X3 1 %Rn\f—j>.:^'y^) 3 2 om'c^%^A i 
20 o^lS:{t7^^ot:^— A;:=<.:xy 3 2 o.&r/5feMW^T u 
-r 3 1 AmXcT-r^y-i^A l 2SrlSftTfcSr ^-Cfc 

So 

[0 1 0 5] 50 [nm] (59:¥'ir:y y^Sr^-f STtcOfeiilfi^ 
T W 3 1 4(r J:or^a:l^tLfcftJ^^i£^^^/^it^^ 

fcq^^ffi m7L\i\^i^y^Rxy^^:r,^^<D^wm t^h^-r 

< bTU^^X^tN*^7:n/N(D^#ffi;0^^*-rSM5tm-^t^ 
35 [0 10 6] l./)^Vfj:/)-h?km^M^'i--^^^J:(DnmM 

'?3l/^cotl:g5e«^/^$v^ffi^^-efcSo t^orm K^^^o^gg 

^<y{7^^ K«^(:i^ 1 (0{m^^m2 (Dft^^S-fS 
40 ^<»r{:::J:oT:^5>a5ffii!9f^$nSo 

[0 10 7] mEEfe#^amilAC«JE^fflVNTPJ^$tL 

>^>t^ /u^ y >^ J: S D c ^-^^y ^ >:^^ 

[0108] El 1 4 J: 9 

jJ^^y-Y vy >-^::^:y>5^^t#fh(:offliJffiEIT*&So ^(om 
jBie;{c:;j3V>T. i^*4 1 0;^^bco3tH«*^4 7 0 

ilbTt^— iN;^ >^y ^y^?' 4 8 otwfp]7!)^9o A;^:/y 

50 :y^4 8 0(i^t^^Srf5f^^bV^2O(^^5>«-5i^tt. 1 
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1 2{::rp];5^v\ 1&<Dim^^y — 4 6 4\z\^/)^\,^^<D^ 

mm^^^^l 1 OAlZ'^^'T^'^&m.^.l^^^^S 1 2 A 
f^tf— A;j^^y :y<^4 8 OSr3li@bTT-^^-ri^4 7 2 

^HTT-t-^-fif 4 7 2^iffi.xytikih^4 2 ocoms 

[0 10 9] ^ybr-^7-Y1f4 7 2;5^^^$nTb' — 

^:/y 4 8 o^t/^ ^—4 6 4mzmm^i%fcT-r 

^.f if 4 7 4lcS#^^Xt>SV^ >^(^T-:^^>f if 4 7 
4{iSPtf-Afc(t(:iov>Tibf^i-^o b^^L/.^Xl5b5> 

[0 1 10] ^fci^NAUV'Xv'^'T^Afi^J^^feffl^Sr-r 

^mizmmxh^o r.<^ay^sr*tTi-s2o(7)'>>^7^A 
t::oiNTW^a!'t-^o mi 5^i^-^>'5>7\^:Ms^^^T'r 
[0 111] ^-^^-^J-Tt^si^iti^co^iSs ^vw^j^v-y 

[o 1 1 2] mi 5n'7-^:y^^mm^mn'r^t^\z 
fflv^-s^trabfcSfigTiser^fo^o u-i^'4iofi. 

m^n)^^T(Dnmx'>^^^i 1 o^HSM-r^ci;5(ci»^ 

^n-So ^J;tffaKt:^'— hu>-^l 1 4<D9't5(7)i 

oT^^^.^^UVXS 1 2. fc'VJ}^— /U4 1 8StJ«5>3e: 
th4 8 0{l. ^PB^irSttUfcU— rt'-i^jC^fLTgO" 

[0 113] y^>':^^n<D^^htl^2<:><Dm^^m 

1 si^^fo ml<^^f2i^cfl^^l-*3v^T^i. fismi^- 

if 4 1 OjS:!/^ 3 2 OJw J;oT^;tbtl5o t^'---^ 
{^^^*S,'^>u>'X3 1 2 SriiigbT 1 1 0{z\^^^ 

^7fe^{i"^a^#.,^.l/>'X3 1 2^aoTfeSt:''— A4 8 
4tw?:^-5o root' — Ailfc-^/l^— ^^4 1 8S:iligb-C^> 



[0 114] ^2<^»ig>S*M^?^J^C*3V^T> U-1?-*4 1 

0 A^O^^Ot' — A;55:/y X^4 8 2Sr^L-C'?^>^^{c|S 
^$tb^o t^ — Afi h 1 1 4 AF^<7)i^frir i 

05 !9^<7)j:5trS«'LTe»fc:'-A4 8 4ASr5l^i-^o 
:9'3tff4 8 0RrJ\i^>^7^—/U4 1 8 fiM^ L< nm7r:<D 
iiLmf)^h:^m\z^W}^X\f-M^4 8 4 A^I^Hi-r^o 

[0115] igNA U>^X 1 1 2 j; !9 h Ul^^^^M 
't^Z,t\zXr>X^^^khfz.%fi^^:i^^^l 1 0<7)*ffiSr 

10 ^Tbreflli-^r i::^i^-C^5o u-^-Xl 1 2755/^< 
^-^^-^-r >'^$t>3t;OiE*ti^^^7jiy^l 1 0lcJ:o 

[0 1 161 01 6Ji;Sl/>5lP^NAOU'VXl 1 2 5: 

15 tr^-raSBi^^^VNT. iHiStfcf 0 ^7)7feai4 9 2^Wt-^ 

*i5i^^7t{^i^^m f „ co^i^^4 9 4 ^m^^^^im(o 

WMWMmx^^o *J!S4 9 2 7&>bc03tfl^?^^^l 1 o 
20 ^-^^tu^o if 4 1 ot^JSiS^f , (iJS&^f o<b 

O^^^M-'^-yi^—yUA 1 8RXI^^n^^4 2 0 Ph^IcHEH $n 

:7-Yy^:^4 9 0(i;aj^i(cfoi^ifiV^jaiSSfc^:fi-i-^ 
^ {5 <i: <?f l^^i- 5 <ir ^icMJS^ f > t^iav ^Jlifi^^ 
25 W-r^TtSrilii^-^^o 

[0 1 1 7] Kif^0#. ^titLi^V ^>'(Dmm 4 9 

6^^^ytm4 9 2^t/u— if 4 1 o<Dmjjizx<>xmM^ 

30 Xiy;??.f^j^ 3 1 2 ^^^L (u>'X>';^7"A3 1 2<7)T 
ft::^.'^JwU>-X3 1 zcoMM^^m^'^^ZtlzX^ 

-r-<To#^a;^KiR^m^^-r3^^'^:y:7^;05^^ 

35 $tl.^o 

[0 118] :Lin-^x^^^xi^t:izt\t. j^v^^p^n 
A<oi/^/xi 1 2 ^m\^^xm^^x^ ^-^m^^mm^zm 
.^.^mxx^fzo mi 7^^m^(D^m:^'ryy^{z^:j:^ 

40 ^-^^y^J^J-l^VXv^^^T^AS 1 2^\,^Mzm^^t>'^^ 

^^^^-rw^mmxhv. mi sami ? i:mx--x\z:io 
V ^xmrni^xTTk-rmmmx^ 
[0 1 19] r^jo,^^^^^^ 5 1 on. "tM^^mzm 

45 4^:*:MP^(5(i'i7^yNl 1 0C0»®±{C:^mffiJ^^# 

^NStJ^^-^:^^(ll-'>'XffiSi:^3 1 2tC*fbTt@*f6<3{C 

50 {zmm.m-fti^,i:^J:(b^J:\^^t^. :x.y^i^^^^tifzhi^ 



14 - 



!^^¥^7- 1 8 8 0 6 



-So 

loi 2 0] M'>^y^'^^y^(^Mm\cm-r^mmiz 

OV^-Cli. 1973^10^ «^T. if44#, HlO^, T^^-lf 
[0 12 1] ffln&LrjZfi-i-Si:, #tt^J':x.yN|iij7ji/NW 

fl;fi:<D io(ii?:t/^ 1 1 oSD'^-\r:>'^ 5 i oFbT 

L-TMtK^, J; o \^mm^ 5 1 6 {d i !9 ASB 5 1 4 (r#t 
#&$ttS„ «^&B5 1 6tt^^5'i5'0^{M(^mffi5 1 5 

[0 12 21 ^fii^£*^^gt±^^^^*t^sl-SrfflVNSr 

ffl V >-C 60ft*3 D (w_hai(0|2| 3 —la 6 (D J; 5 7i 

[0 12 3] ±5£!!{d*3V^n4, U-VXI 1 2^^mW-ih 
^st^3i/Ni 1 o w^ffi5ff< {cfcJt u^'Xi 1 2(DM^i: 

[0124] ±':^<Dm*) :^%m^^(om^^j:MMmizm 

[0 12 5] 

LT^^^M^«D*ffiid^-&-ra J; p {d UJtr i: td i 9 , 
[01] la 1 {4;*:^B^{d i-StfiO^gSr^-riftlffiiaT-fe 

[1112] m2\i>^mm\:ii:?>f\rmmm.^^-rmmMx»} 

-So 

[1214 1 El 4 fiig 2 {;i;^'r3gS<^fl&^^JS0»JS:^i-#M 



[El 6 ] HI 6 i,±m 2 \z7jk't^m(DiitL<DmMmi^'rmm 
05 [0 7] m7nm2\z^i-mmi:^t^m^mmumi:^ 

[0 9] m9nm2{Z7jik'i-mm^Mmizi-^yt^mm(o 
10 -n^yu^y^mti.x^'rmmmxh^o 

[mi OJ mi 0{i:El2i;i;^-r^g^^^l::-r57fe^S 

15 imi 2] mi 2nm2 izm-rms^mmz-r^^^m 

[013] 01 3nm2\z?jk'rmmi:mm\zir^^^m 

m:(o—n^y't2y^mt L.x^-rmmmx^^o 
[014] mi 4nm2iz^'rms^^^i,z'i-^yt^m 

[015] 01 5nm2\z^irmm^^\z'i'^^^m 

[016] 01 6\±m2},z7^'rmm^&miz^^^^m 

25 [0171017 (10 1 --0 1 6 {d^i-^^^B^^fflV^ 

[018] 01 8fi0i— 01 eizTjk-r^^ms^m^^ 
30 ^i~Wrmmx^^o 

110. 11 OA v/y ra^iJrzii/N^ 112. 112 

A x^^U^^X, 114. 114A hl/^-^. 1 

1 8. 1 2 0. 4 5 8 yt^^ 1 1 9. 4 8 2 

35 yXi^, 12 1. 130 i^D :=i>^yV XM.^ 13 

2. 3 1 6. 4 9 2 134 U^'X, 13 

6. 138. 140. 420. 454 ^^^^Iti 

2 14. 214 A yt^m^d^i^m. 218 

^•9. 2 2 0 /X/K 2 2 2 3 10 

40 ^^l^^X. 3 12. 3 1 2 A nr^^,.^uvX. 3 

18 ^y^^— ^U>'X\ 3 2 0. 4 8 0 t^'— A 

>^:/];:y^. 4 10. 4 1 OA if. 4i8 

tf>j}>— yu. 4 3 2. 4 34 -^-f :7:n:y 44 0 

mi&nt^-^:^^, 44 2 S^t>i:;^-^><^^. 

45 4 5 6 mmi^mm. 4 6o ^myt^ (ao) -ir 

yi^. 4 6 2. 4 64 ^ 4 7 0 il*^. 4 

7 2. 4 74 T•^^-f1^^ 4 8 4. 4 8 4A ^ 

m^—^. 49 0 ^^-t^/U^. 4 9 6 h^—y^tl 

fc^ifig. 5 10 ^7ai/N^i--/^, 5 14 IfA 

50 pI5> 5 15 m^^. 5 16 mm^L 
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316 
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